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(54) Connector for Connecting a printed circuit board to a flat flexible circuit 



(57) A connector assembly (1) for connecting rigid 
circuit board (7) to a flat f lextole circuit (12). The connec- 
tor includes a U-shaped housing (4) with a receptacle 
for the rigid circuit board and a receptacle for the f lexitHe 
circuit. A U-shaped contact element (2) is arranged in 
the oonnedor's mounted state between the flexitrfe cir- 
cuit and the circuit board. The contact element is in corv 
tact with a connecting surtece of the circuit board arxi a 
connecting surface of the flexible circuit The housing 
surrounds the circuit board at an edge and includes 
openings through which a respective contact arm of the 
contact element can extend to the circuit tx>aFd. A com- 
pression spring (3) produces a pressing force between 
the flexible drcuit and the contact elentent 
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Descripti n 

Field of the Invention 

[0001] This invention generally relates to a connector 5 
for connecting a printed circuit board to a flat flexible cir- 
cuit. 

Background of the Invention 

10 

[0002] In the field of etectronics and specifically of 
nrtotor vehide electrical systems, there is an increasing 
requirement for connections between rigid printed cir- 
cuit boards and flexOMe cables such as flat flexible cir- 
cuits (or "FFCs"). Since relatively complex circuits are is 
now constructed on flexible materials, their connection 
to conventional printed circuit boards has become. 
irKreasingly more importarrt 

[0003] Such connections have heretofore been 
effected by soldering, particularly in the case of known so 
FFC constructions using polyimide as the flexible sup- 
port material^ and copper as the oonductove material. 
Furthernwre, since the conductive fraces on the FFC 
consist of solid metal. i.a copper, other known connec- 
tion technologies, such as pli^ and saew contacts, can 25 
also be utilized in applications where add>t>onal 
mechanical stability is required. 
[0004] However, other support nrurtenals are bew^g 
used to an inaeasing extent, such as potyethytene 
terephthatate. and other conductive matertals have 3o 
been used, such as silver grains enrt>edded in an epox- 
ide. Although the layers of such corxjuctive materials 
can have thicknesses of 5-1 0mm, they do not have the 
str ngth of conventional copper conductive material, 
which may be needed in some applications Further- 35 
mor , these conductive materials are themially and 
mechanically sensitive, and therefore different solutions 
may be required for their connection to prvited orcmts. 
In particular, the reliabifity of these connections m the 
autonrK}bile industry, in relation to mechanical k>adabil- 4o 
\ty, vibration and conx>sion resistance, for example ts of 
utmost importance. 

Summary of the Invention 

45 

[0005] The subject invention, therefore, has as its 
object to provide a robust, and in particular vODratiori- 
insensitive and mecf^icaUy durable, connection 
between a printed circuit board and a fiat f lexble drcurt 
in which good electrical contact is provided between the so 
cirouit board and the flexit^e circuit witiiout the use of 
sobering or crimping. 

[0006] According to the invention, a connector assenv 
biy is provided which comprises a substantially U- 
shaped contact element anranged between the flexitile 55 
circuit and tiie circuit board and in contact with a con- 
nection surface the circuit board and a connection 
surface of the flex3>le circuit. The contact element is 



mounted within a housing which surrounds the circuit 
txard at an edge thereof in a U-shape. The housing 
includes at least one {passage through which a first arm 
of the contact element extends to contact the circuit 
board. A mechanically strong and vSxation-insensitive 
mounting of th connector housing is provided t>y this 
arrangenent, and short conductive paths between the 
circuit board and the flexible circuit are made possible. 
[0007] The contact elem^ is easily assembled onto 
the housing of the corm^or ar^ is secured in poation 
in the housing by an inwardly-directed latching tongue 
formed on the second arm of the contact element 
[0008] The first arm of the contact element is 
preloaded or prestressed and therefore contact pres- 
sure on the circuit tx>ard is independently exerted, and 
is therefore sufficient in many applications to effect an 
elecb^ical connection witfK)ut tfte costs associated v«th 
secondary soldering processes. By avoicfing these 
processes, unfavorable temperature effects on the flexi- 
ble circuit such as can arise during ref low or wave sol- 
dering, are prevented, and mechanical damage w^ich 
can arise in crimping or scre^wing for exanrple is likewise 
avoided. 

[0009] The connector assembly further includes a 
compression spring which produces a defined pressing 
force between the flexble drcurt arKl the contact ele- 
ment The coinpression spring secures the flexible dr- 
cuit around the outer periphery of the U-shaped contact 
element such that bilateral pressing forces of the spring 
insure tiiat one side of the contact element remains in 
contact witii the flexible drcuit even in the presence of 
mechanical vibration or inrpact when the impact effect 
exceeds tfie preload of the corrpression spring. Exter- 
nal environmental influences such as vibratiorts or 
mechanical impacts can be effectively minimized by 
appropriate dimensioning of the compression spring, so 
that intemriitterKaes are avoided. The contact elenrient 
and the compression spring are constructed so ttiat at 
least two contact points are pnxluced between the flex- 
ible drcuit and the contact element. In one embodiment 
more than two contact points are produced by depres- 
sions or recesses in the contact element and by addi- 
tional contact between a t)ackside of the compression 
spring and the flexitile drcuit Another embodiment pro- 
vides nrtore than two contact points between the flexible 
drcuit and the contact element by means of the shape 
of the conrpression spring. 

[0010] The assembly and handling of the connector 
are fadfitated by latching ttie compression spring onto 
the housing In a preassembled position, from which the 
compression sprirtg can be easily moved to its final 
nx)unted position. For ttiis purpose, corresponding 
depressions assodated with the spring are an^anged on 
both sides of th connector housing. 
[0011] The insertion of the flexible drcuit into the 
housing is facilitated by a funnel-shaped insertion chan- 
nel, defined by the conpression spring in its preassem- 
bled position. 



3 



EP0901 187 A2 



4 



(001 2] A securing rib is formed on the connector hous- 
ing and engages a recess of the connpression spring. 
The rib extends in the direction of nrrovanent of the conrv 
pression spring from its preassenr^ed position into is 
final mounted position and reduces vibration and move- 5 
ment of the compression spring therefore minimizing 
the introduction of unnecessary forces into the connec- 
tor housing. The same result can be attained with a lat- 
eral recess formed in the connector housing, whereby 
the recess extends in the direction of movement of the 10 
corrpression spring and a lateral lug of theconrpression 
spring extends into the recess. 
[001 3] A f lexilDle circuit strain relief may t)e provided by 
means of a tongue arranged on an arm of the. contact 
element and which engages, in the final mounted posi- 75 
tion of the compression spring, an associated recess 
formed in the f lexittte circuit. The dimensioning of the 
tongue produces defined holding forces, in relation to 
the compression force exerted by the compression 
spring, greater than the mechanical forces which arise 20 
in everyday operation, but which release the flexible cir- 
cuit before damage occurs. ^ 
[0014] Finally, a tongue formed ori the connector 
housing engages associated openings in the compres- 
sion spring and therefore holds the spring in its final 25 
mounted position. This arrangement is particularly use- 
ful in connectors subject to high mecfianical or vbration 
loading, such as in knock sensors in the motor vehicle 
field. 

[001 5J Other objects, features and advantages of the 30 
invention will be apparent from the following detailed 
desaipt'on taken in conjunction with the acconpanying 
drawings. 

Brief Description of the Drawings as 

[001 61 The invention is described in more detail herein 
below with reference to preferred errtfxxJiments and to 
the acconpanying drawings, in which like reference 
numerals identify like elements in the figures and in 40 
which; 

Fig. 1 is a cross section of a first embodiment of the 
connector according to the invention taken along 
line B-B of Rg. 6. showing the compression spring 45 
in its preassembled position; 

Fig. 2 is a cross section of a first embodiment of the 
connector according to the invention taken afong 
the line B-B. of Rg. 6. showing the compression so 
spring In its nrK)unted position; 

Fig. 3 is a cross section of a f irst embodiment of the 
connector accordng to the invention taken along 
the line A-A of Rg. 5. showing the conpression ss 
spring In its mounted position; 

Rg. 4a is a detail of the contact space of a first conrv 



pression spring according fo the invention; 

Rg. 4b is a detail of the contact surface of a second 
corrpression spring according to the invention, 
showing two contact regfons; 

Rg.5 is a top view of a connector housing of the 
invention without the conpression spring; 

Rg. 6 is a view of a second connector housing of 
the invention stowing vibration-suppressing 
devices, without the compression spring and with- 
out the flexible circuit; 

Rg. 7 is a top plan view of a connector according to 
the invention mounted on a circuit board and Includ- 
ing a flexit^le circuit mounted in the connector; 

Rg. 8 is a cross section of a further embodin^nt of 
a connector according to the invention showing a 
non-metallic compression spring arranged in its 
preassen±»led position; and 

Rg. 9 is a cross section of the connector of Fig. 8 
showing the metallic corrpression spring arranged 
in its mounted position. 

Detailed Description of the Prefen^ed Embodiment 

[0017] Referring first to Rgure 1 in conjunction with 
Rgure 6, a first eni>odiment of the invention is illus- 
trated by an electrical connector assemtriy 1 adapted to 
effect an electrical connection between a printed circuit 
board 7 and a flat flexible circuit 12 (TFC^. The con- 
nector includes a si^stantially U-shaped contact ele- 
ment 2, a sut>stantially U-shaped compression spring 3 
and a substantially U-shaped housing 4. The housing 
includes a plurality of cavities 5 which extend substan- 
tially parallel and open toward an exterior of the hous- 
ing. A plurality of ribs 6 extend slightly beyond the f toor 
of cavities 5 and are positioned between the cavities. 
[0018] The conpression spring 3 is adapted to be 
mounted onto housing 4 and is located within each cav- 
ity 5 behveen two guide ribs 27 (Rg. 5) extending from 
the ends of housing 4. Conpression spring 3 includes 
pressing surfaces 8 and 9 located rnitiaPy in a preas- 
semt>led position of tiie conpression spring in depres- 
sions 10 and 11 (Rg. 7), respectively, such that a 
funnel-shaped insertion channel, greater than ttie thick- 
ness of flexible drcuit 12, resutts between the compres- 
sion spring and contact element 2 to facilitate insertion 
of the FFC into a receptacle area 13 in the housing. 
Receptacle 13 surrounds contact element 2 arxJ is con- 
figured in a U-shaped channel to gukie tiie flex circuit 
during insertion into the connector. 
[0019] When compression spring 3 is moved from its 
preassenijfed posrtion (Rgure 1) to a final mounted 
position (Rgure 2). pressing surfaces 8 and 9 slide out 
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of depressions 10 ami 1 1 over a sitghtfy raised area and 
into depressions 14 and 1 5 where the pressing surfaces 
exert a force on the t>ackside of the flexible circuit such 
tfHt mechanical and electrical contact is effected 
between contact surface 16 and 1 7 of flexible circuit 12 $ 
and contact element 2. These pressing forces, pro- 
duced by the arms of compression spring 3» insure at 
least a one-sided contact between f lex^e circuit 1 2 and 
contact element 2. 

[0020] Compression spnng 3» shown in Figure 7, may 
be constructed of one-piece spring which has a sut>- 
stantially "omega' shape in cross-section. The sprir^ is 
seated in its preassembled position in depressions 10 
and 1 1 and the spring is subsequently nrx}ved into its 
final mounted state into depressions 4 and 15, shown in 
Rg. 2. One embodiment of the connedor may include 
depressions 10 and 11. and 14 and 15 of housing 4 
arrar^ed laterally of cavities 5 (Figure 5). Compression 
spring 3 may, alternatively, irtdude many slotted arms 
which respectively enter each cavity 5. These arms 
would be similarly displaced from their preassembled 
position in depressions 10 arxi 1 1 into the f inal rhounted 
position in depresslor^ 14 and 15. For reasons of stat)il- 
ity. compression spring 3 can be slotted in the region of 
one leg and can be formed witfx>ut slots on its opposite 
side. 

[0021] In the final mounted state of compression 
spring 3. strain relief tongues 19 and 20 may extend 
through con'esporKfing apertures of flexible circuit 12 to 
provide a strain relief for the flexible circuit. The conrv 30 
pression spring may also include conresponding aper- 
tures into which tongues 19 and 20 extend in the 
mounted state (see Rgures 1 arvi 2). Tongues 19 and 
20 may be formed as a portion of housing 4 or as lateral 
tat>s formed on contact elements 2. 35 
[0022] Ck)ntact element 2 includes a latching tongue 
or latcf^ng element 20 on a first arm thereof which 
latches into an associated opening of housing 4 vtrhen 
contact element 2 is arranged in its final mounted state 
on the housing (Figure 1). In this position, the second 40 
arm of contact el&nent 2 extends into an opening 21 of 
housing 4, and electrical contact occurs between con- 
tact element 2 and a contact surface 22 of circuit board 
7. In many applications, the mechanical pressing of 
contact element 2 against circuit board 7 provides suffi- 45 
dent electrical and mechanical connection between 
contact element 2 and drcuit board 7. However, in some 
applications, a solder connection or other krKwn con- 
necting method may be applied to contact element 2 to 
si^lement the mechanical connection, such as screw- so 
ing, corKiuctive adhesives, crirnptng, or other method 
that produces an even more reiiat^e electrical contact in 
applications where the mechanical pressing alone is 
insuffident 

[0023] Turning now to the assembly and guidance of 55 
the compression spring on the housing, housing 4 
includes lateral depressions or projections 23 (Rgures 5 
and 6) arranged on two guide ribs 27 which guide the 



spring into its final mounted position. Rbs 27 extend 
outwardly from ends of housing 4, and include elements 
23 on an inner side thereof extenc£ng in the direction of 
dfeplacement of compression spring 3. The compres- 
aon spring may indude laterally projecting lugs which 
engage in and are guided by elongate openings 23 (Rg- 
ure 6) arranged along the direction of displacement of 
compression spring 3. Alternatively, the compression 
spring may indude openings which are engaged by the 
projections 23. Unwanted riKTvements of spring 3 r^a- 
tive to depressions 14 and 15 are thereto minimized, 
even urxler relatively fiigh forces. 
[0024] Looking now to Rgure 3. contact element 2 can 
include, instead of or in addition to latching tongue 20, a 
V-shaped section 24 which penetrates into opening 21 
of housing 4. The V-shaped region of contact element 2 
aDows the flexible drcuit to be brought into contact by 
compression spring 3 in at least two contact areas, and 
with further contact between pressing surface 9 and 
flexible circuit 12. three contact areas are effected 
between flexit)le drcuit 12 and contact elemerrt 2. 
[0025] Rgure 4b shows a further embodiment of the 
invention, wherein a multiple pressing surtece 25 is 
used, in contrast to the single pressing surfaces 8 and 9 
shown in Rg. 4a- A double contact between flexible cir- 
cuit 12 and contact element 2 occurs in at least two 
areas by means of the double shoulder of pressing sur- 
face 25. 

[0026] A cross-sectional view of still a further embod- 
iment according to the ffivention is shown in Rgs. 8 and 
9. Contact elements 2 are shown extending outwardly 
on each side and are made of a resiliency elastic mate- 
rial. A U-shaped slide 28. preferably consisting of plas- 
tic, is provided in place of compression spring 3 and 
indudes elements 29 extending laterally from its ends. 
In this embocfiment, housing 4 indudes a lateral aper- 
ture 30 which has an inside wkfth dimension that corre- 
sponds to the dimension cH the outer surface of latch 
elements 29. Instead of depressions 10 and 1 1 , latches 
31 and 32 are provided on the inner side of opening 30, 
and latch element ; 29 engage behind them when slide 
28 is inserted into the housing. Further latches 33 and 
34 are formed on inner side of aperture 30 and define 
the final moiirtted position of slide 30, wherein latdies 
33 and 34 engage latch elements 29 such that a flexible 
drcuit arranged between slide 28 ar>d contact element 2 
is reliably pressed against and makes contact with con- 
tact element 2. 

[0027] As shown in Fig. 9, slops 35 and 36 may be 
provided which limit the movement of s5de 28 in the 
insertion direction o^ 

[0028] Furttiermore, this embodiment indudes con- 
tact elements 2 having V-shaped latch elements 37 and 
38 which latch in openir^s 21 of housing 4 when the 
contact element is pushed into the housing. 
[0029] Altfiough it has been assumed in the preceding 
description that flextole drcuit 12 has contact surfaces 
16 and 17 on a single side, the flextole circuit can 
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include contact surfaces on both sides, and can include, 
for example, conductive surfaces on its backside, i.e.. 
the side remote from contact element 2, connected by 
conrpression spring 3 as ground contacts to mininnize 
electrostatic discharges, for example, in the field of sen- 5 
sors for air bags, or in order to provide additional 
screening. 

[0030] Furthermore, certain of the compression 
springs 3 of the backside contact surfaces of flexible dr- 
cuit 12 may be electrically coupled in order to electri- 10 
cally sense the correct positioning of conpression 
spring 3, to offer additional security for important circuits 
or to be able to detect erroneous functioning with on- 
board testing systems of, for example, motor vehicles. 
[0031] It will be understood that the invention may be is 
en*odied in other specific forms without departing from 
the spirit or central characteristics thereof. The present 
examples and embodiments, therefore, are to be con- 
sidered in all respects as illustrative and not restrictive, 
and the invention is not to be limited to the details given 20 
herein. 

Claims 



sion spring defines a funnel-shaped insertion chan- 
nel to facilitat insertion of the f lexitrfe circuit into 
the connector housing (4). 

5. The connector assembly as set forth in daim 1 fur- 
ther including strain relief means (19, 20) which 
extend through apertures of flexible circuit 12 to 
provide strain relief for the flexible drcuit. 



1 . A connector assembly ( 1 ) for effecting a connection 25 
between a printed circuit t>oard (7) and a flat flexible 
catAe ( 1 2) comprising: 

a substantially U-shaped housing (4) for receiv- 
ing the printed drcuit tx>ard; 30 



a sufcstantally U-shaped contact element (2) 
niounted in the housing; and 



a sul3Stantially U-shaped conpression spring 35 
(3) including pressing surfaces for pressing the 
flat flexible cat)le into contact with the contact 
element wherein the conpression spring rs 
nrovable between a preassennbled position 
whereat the pressing surfaces (8, 9) are 40 
located in first depressions (10. 11) of the 
housing and a final mourned position whereat 
the pressing surfaces (8, 9) are located in sec- 
ond depressions (14, 15) of the housing. 

45 

2. The connector assembly as set forth in daim 1. 
wherein the housing (4) indudes an opening (21) 
though which an arm of the contaict element 
extends. 

50 

3. The connector assent>ly as set forth in daim 1, 
whereiri the contact element (2) indudes a latching 
element (20) on one arm thereof which latches into 
an assodated opening of the housing (4) to secure 
tf>e contact el ment within the housing. 55 

4. The connector assentrfy as set forth in daim 1, 
wherein the preassembled position of the conpres- 
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(54) Connector for Connecting a printed circuit board to a flat flexible tircuit 



(57) A connector assembly (1) for connecting rigid 
circuit board (7) to aflat flexible circuit (12). The connec- 
tor includes a U-shaped housing (4) with a receptacle 
for the rigid circuit board and a receptacle for the flexible 
circuit A U-shaped contact element (2) is arranged in 
the connector's mounted state behveen the flexible cir- 
cuit and the circuit board. The contact element is in con- 
tact with a connecting surfece of the circuit tx>ard and a 



connecting surface of the flexible circuit The housing 
surrounds the circuit board at an edge and includes 
openings through which a respective contact arm of the 
contact element can extend to the circuit board. A com- 
pression spring (3) produces a pressing force between 
the flexible circuit and the contact element 
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